A ready reckoner of fertilizer doses has been prepared considering different yield targets at different fertility status of the soils (Table 4) which will be useful for extension officers, scientists and farmers alike in balanced fertilization of crop for targeted yield. These equations will be useful in red, laterite and yellow soils (Inceptisols and Alfisols) which constitute 84% of the total geographical area of Odisha.
THE sacred groves of India would be the last few relics of the pristine and primary forests that stand outside the state-owned protected area system in rural and urban areas [1] [2] [3] [4] . According to Hindu religion 1 , these groves are created for worshipping God. However, they are now globally renowned Indigenous Community Conserved Areas of IUCN 4 . These groves have historical existence from the pre-agricultural era and most of these groves conserve pristine vegetation 1 . As they are seen in all altitudes and latitudes in the Western Ghats and beyond, in the highly populated plains including coastal plains, in Tamil Nadu, Kerala, Karnataka and Maharashtra, their existence is vital for sustaining local and regional biodiversity and maintaining ecosystem functions, such as water security [1] [2] [3] 5 . Cultural beliefs were the major driving force behind the conservation of these forests even today 4, 6 . As sacred groves are fragments of small forests distributed in the mosaic of human-influenced landscape, they are likely to be affected by anthropogenic disturbance and urbanization. According to recent government records, more than 90% of the sacred groves of Kerala have lost the forest cover 6 . Today Kerala has about 1200 sacred groves, that are mostly seen in coastal plains of Alappuzha district and in north Malabar region 6 . Unlike the rich knowledge available on plant biodiversity of the sacred groves 3, 7 , little is known about the animal biodiversity of sacred groves 8 and how environmental degradation is affecting its biodiversity.
Ground insects, particularly ants, owing to their ubiquitous nature, greater species diversity and functional diversity, dominance, and ability to respond to even subtle changes in the environment are considered as prime indicator of different ecosystem processes and changes. Land use change, forest disturbance, fragmentation, climate change and urbanization are affecting biodiversity and ecosystem functions [8] [9] [10] [11] [12] [13] [14] [15] [16] . We used litter-dwelling ant community to study the impact of urbanization on leaf sacred groves with the working hypothesis that urbanization affects ant diversity and ant assemblage of the sacred groves. We used pitfall traps to sample the litter-dwelling ants, which are known to generate relative abundance of litterdwelling ants from fragmented forests 9, 13, 17 . In each sacred grove, 10-12 pitfall traps were used to sample the ants. The traps were placed in a 100 or 120 m long line transect, which was placed 100 m inside the forest from the edge to reduce the edge effect. The inter-trap distance of 10 m was kept constant in all study sites. The pitfall trap is a plastic container (12 cm depth  10 cm radius) flushed inside the ground, with trap mouth level intact with soil surface. Ethanol (25 ml of 70%) was used as a preservative in the pitfall traps. The traps were operated for five continuous days before retrieval. Ants were then sorted out from the mixture of other insects and debris from each pitfall trap and preserved in 90% ethanol. Ants were identified to species. Voucher specimens were mounted and the remaining individuals were preserved in 90% ethanol in the natural history museum of the Central University of Kerala.
Ant species richness and abundance were considered as primary measures of diversity of the sacred groves. Jackknife 1 was considered as a measure of estimated species richness 18 . Shannon diversity and Simpson's evenness were considered as the estimated diversity measures. Sacred groves were compared based on mean ant species richness and mean ant abundance per pitfall trap; oneway ANOVA test was used for the comparison. Ant abundances were transformed into a 6-order standard ordinal scale: 1, 1 ant; 2, 2-5 ants; 3, 6-10 ants; 4, 11-20 ants; 5, 21-50 ants; 6, >50 ants 15, 19 . We calculated mean ant species richness and mean ant abundance per sacred grove on pooled pitfalls, and mean species richness and abundance per trap per sacred grove to compare ant diversity between rural and urban sacred groves; Student's t-test was used for the comparison. The ant abundance data was log-transformed before using it in parametric analysis. Individual-based rarefied species richness was calculated to account for the difference in the number of sampling plots used between rural and urban sacred groves. Estimated species richness (Jack-knife 1) was used to understand the percentage of species captured in the present sampling effort. Rank abundance curves were used to understand whether the dominant ant species shifted between the urban and rural sacred groves. Mean ant abundance per pitfall trap per sacred grove was used to construct the rank abundance curves to account for the plausible extreme variation in ant abundance among pitfall traps and sacred groves. Mean ant abundance per trap took care of distortions in an ant abundances of a few species in few pitfall traps, possibly caused by accidental placement of the trap close to an ant nest. It also gives a clear estimate of ant fauna based on their daily activity on the ground. The ant species assemblage (presenceabsence; Sorensen similarity index) data was used to examine similarity of sacred groves. All analyses were performed in R 20 and EstimateS9.0 (ref. 21 ). We collected 1119 ants of 32 species and 6 subfamilies, viz. Aenictinae, Dolichoderinae, Ectatomminae, Formicinae, Myrmicinae and Ponerinae (Table 2) . Anoplolepis gracilipes (Formincinae), Tapinoma melanocephalum (Dolichoderinae), Pheidole sp., Monomorium floricula and Tetramorium coonoorense (Myrmicinae), Diacamma rugosum and Odontomachus haematodus were characteristic (generalistic) species of respective subfamilies by their abundance.
Based on the estimated species richness (Jack-knife 1 = 41.81), we captured 76.54% of species in the litter stratum of the sacred groves. This varied between 63% and 83% of the species estimated for individual sacred groves (Table 3) . We captured 73.58% (S obs = 27 versus S Jack-knife1 = 36.69) and 73.09% (S obs = 23 versus S Jack-knife1 = 31.55) of the species estimated for rural and urban sacred groves respectively (Figure 1) . Species richness and species diversity were highest in Kammadam sacred grove, the most rural sacred grove in the present study. Estimated species diversity and evenness were lowest in Mannampurathukavu, the most urbanized sacred grove (Table 2) . Individual-based rarefaction predicted 26.97 (S obs = 27) and 21.04 (S obs = 23) species respectively, for rural and urban sacred groves for 481 ants. The mean abundance of ants per pitfall trap was significantly higher in urban sacred groves when compared to the rural sacred groves (Student's t-test: t = -2.91, df = 41.37, P = 0.005). However, the mean species richness per pitfall trap did *Percentage of species captured in the study is based on estimated species richness, Jack-Knife 1 is indicated in the parentheses. not differ between sacred groves of the two types (t = -1.03, df = 41.18, P = 0.31) (Figure 2 ). When the pitfall traps were pooled, both rural and urban sacred groves maintained same species diversity (abundance: 318  59 (urban) versus 161  21.15 (rural); t test: t log-abundance = -2.694, df = 2.547, P = 0.08) (species richness: 16  2.64 (urban) versus 17  0.0 (rural); t test: t = -0.378, df = 2, P = 0.74).
Rank-abundance curves clearly illustrated a shift in dominant species as well as abundance of dominant species in rural and urban sacred groves (Figure 3) . Anoplolepis gracilipes was the dominant species in urban sacred groves; an average of 15.56 (25.05 SD) ants per pitfall trap was counted in urban sacred groves. Tetramorium coonoorense was the dominant species in rural sacred groves; an average of 6.47 (6.82 SD) ants per pitfall trap was counted in rural sacred groves. Interestingly, the rural and urban sacred groves clustered on two different branches of the cluster diagram ( Figure 4) .
Based on the overall ant species composition (Sorensen similarity index), the rural and urban sacred groves were 56.3% similar. Eighteen out of thirty-two species were commonly collected in the sacred groves of two landscape types. The urban sacred forests had five species exclusive to them. Out of the five species, four were 'rare' species (Lophomyrmex quadrispionosus, Nyladeria sp., Pachycondyla leeuwenhoeki, Strumigenys sp. (Mustaq Ali, pers. commun.). The rural sacred groves had two subfamilies (Aenictinae and Ectatominae) and nine species exclusive to them. Another subfamily, Dolichoderinae, with its three species (Dolichorus sp., Irridiomyrmex sp. and Tapinoma melanocephalum), also had a clear majority in rural sacred groves; about 83% of the total ant abundance from these three species were captured from the rural sacred groves.
The present study examined the impact of urbanization on the biodiversity of sacred groves; litter-dwelling ants were used as the indicator taxon to examine the impact. Though we used only 3 rural and 2 urban sacred groves for the comparison, it brought out some evidences of the ill-effects of urbanization on the sacred groves. Greater abundance of Anoplolepis gracilipes, the third globally important invasive ant species 22 , in almost all the pitfall traps of the two urban sacred groves indicates that aggression of the invasive species may be a major ill effect of urbanization on the sacred groves. The observed species diversity measures, such as abundance and species richness did not vary between the sacred groves of urban and rural environments. However, the species composition turned over between landscape types, which might be a crucial indicator of environmental change. In fact, the abundance of ants was high in pitfall traps of urban sacred groves, which was due to the large and even catches of A. gracilipes in 18 out of 20 pitfall traps in the two sacred groves, which together contributed to 90.54% of the total A. gracilipes catches of the present study. In contrast, 70-90% of the pitfall traps of each of the rural sacred groves did not capture a single A. gracilipes during the sampling. Also, no dominant ant species was captured in the pitfall traps of rural environment. All these results suggest that the sacred groves in rural environment may be less disturbed and possibly support greater amount of native biodiversity. We also found that the urban and rural sacred groves clustered in different branches on the ant species composition. All these results suggest that litter ants might be good ecological indicators of ecosystem health. Only 18 out of the 32 species were common between the sacred groves of two landscape types. Interestingly, the rural sacred groves contained several exclusive ant sub-families and a larger number of exclusive ant species when compared to the sacred groves of urban environment. This result suggests that urbanization may have an impact not only at a species-level but also at a higher taxonomic level. Though the present study suggests that sacred groves of urban areas may face anthropogenic pressures, such as urbanization (for instance, the biotic invasion 23 and biotic homogenization) 24 , the results need to be interpreted with caution as it is still a preliminary study. Future studies should monitor the population and community structure of ants from different strata of the forest in different seasons to draw a firm conclusion on this.
We do not have any long-term monitoring of lesscharismatic fauna, such as insects in our native habitats, although this information may be useful to predict the ecosystem health 8 . Ants have been used as an important proxy taxa in the world to study the impacts of several ecosystem processes and changes 13, 16, 19 including biotic invasion [25] [26] [27] . The taxonomy of ants is stable when compared to other litter insects, which qualify them as a popular indicator taxon 13 . The study suggests that monitoring the population structure of A. gracilipes and other litter-dwelling insects might help predict whether this ant species has some ecological significance, such as displacing our native biodiversity in our native habitats 27 . Sacred groves are the last refugia of wildlife in the rural and urban environments outside the protected area network. Our study showed that the sacred groves still conserve some data-deficient and rare species in our neighbourhood 8 . We recommend increased local participation from local communities, village authorities, temple trusts, and forest departments to conserve sacred groves of India as a living natural and cultural heritage of India 4 .
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